Background
Cholera is a serious disease which is common all over the world particularly in developing countries (1) . Vibrio cholerae is the causative agent of cholera; which can cause a considerable difficulties like diarrhea, dehydrates the body, acidosis, shock and ultimately death (2) . The burden of this disease is well documented in the world and so far, seven global pandemic of cholera is reported (3, 4) . As many scientists from all over the world believe that many pathogenic bacteria have the quorum sensing system which is one of the major virulence factors (5) . In this system, as the number of bacterium increases, concentration of autoinducer will also increase; so, autoinducer concentration is directly related to the number of bacteria. Usually, among bacteria whenever, autoinducer concentration at its maximum level, quorum sensing process occurs; which may leads to the expression of bacterial virulence genes (6) . However, this system in Vibrio cholerae is exactly the opposite (7). As Zhu et al. reported at low density of Vibrio cholerae, the autoinducer concentration is very low or not at all present; therefore, HapR protein is inactive. They believe, whenever, HapR protein is inactive and therefore, results in expression of ToxT protein which is responsible for cholera toxin expression (8).
Objectives
Based on above mentioned literatures, we aimed to study, cholera toxin production with different density of Vibrio cholerae population.
Materials and Methods
Vibrio cholerae O 1 biovar El Tor N16961 and Vibrio cholerae O 1 Classic ATCC 14035 were donated by Iran institute Pasteur and maintained on conservative medium at -80°C. Vibrio cholerae O 1 biovar El Tor N16961 and Vibrio cholerae O 1 Classic ATCC 14035 were inoculated to AKI medium for 24 hours during which every 10-15 minutes OD was measured and also cfu/mL was calculated.
Total mRNA Determination
The total mRNA was extracted by RNasy ® mini kits and Reagent RNAprotect ® bacteria kit (Qiagen, Germany) according to the manufacture's protocol.
Determination of total cDNA
The total cDNA was prepared from the total mRNA by using Reverse Transcription QuantiTect ® (Qiagen, Germany) according to the manufacture's protocol.
Quantitative PCR
Primers used in this study are in Table 1 . recA and ctxAB which is used in this study are as internal control and gene of interest respectively.
Determination of Cholera Toxin Production
Cholera toxin production was done according to QuantiTect SYBR Green PCR Master Mix Kit protocol (Qiagen, Germany), in quintuplet form.
Results
In this study, evaluation of cholera toxin gene expression was done by relative qPCR method. Based on gel electrophoresis our results lead to appearance of and ctxAB and amplified a 106 for recA and 115 bp for ctxAB genes respectively. All amplicons obtained for recA and ctxAB were verified by sequencing. For the above mentioned genes the efficiency was between 1.91-1.93. Melting curve analysis for ctxAB and recA was shown in Figure 1 . In each strain, by using the 2 -ΔΔC T Method (9), maximum expression of cholera toxin was 0.90 with 10 10 cfu/mL; and minimum expression of cholera toxin was 0.22-0.06 with 10 10.5 -10 12 cfu/mL ( Table 2) . 
Discussion
As we know, cholera toxin is a critical factor for diarrhea and cholera. Therefore, measurement of cholera toxin mRNA is equivalent to cholera toxin production (3). In 2002, Zhu et al. showed that, quorum sensing in Vibrio cholerae is opposite, exactly (8) . Our results indicate that the suppression of cholera toxin production is in the range 10 10.5 cfu/mL for Vibrio cholerae O 1 biovar El Tor N16961 and Vibrio cholerae O 1 Classic ATCC 14035. Therefore, as others also reported (10) that in this range, high level of autoinducer concentration suppressed the production of cholera toxin. This is also true in the case of El Tor strains. According to the result in Table 2 , the production of cholera toxin in both classical and El Tor strains decreased gradually. This is due to reduced cholera toxin mRNA and decreased life span of cholera toxin. In conclusion, production of cholera toxin was minimized almost up to zero at 10 10.5 -10 12 cfu/mL; which could be due to presence of high level concentration of autoinducer. We can suggest that genes involved in the production of autoinducer should be identified, cloned and expressed in E. coli in order to embed recombinant E. coli in the intestine of animals to evaluate their susceptibility to cholera.
